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NON-RECTANGULAR MOS DEVICE 
CONFIGURATIONS FOR GATE ARRAY 

TYPE INTEGRATED CIRCUITS 

This application is a continuation of US. patent appli 
cation Ser. No. 08/485789. ?led Jun. 7. 1995. which is a 
division of US. patent application Ser. No. 081086.217. ?led 
Jul. 1. 1993. now US. Pat. No. 5.440.154. 

FIELD OF THE INVENTION 

The present invention relates generally to integrated cir 
cuits and. more particularly. to the con?guration of circuit 
elements formed on a semiconductor substrate and the 
methodologies of interconnecting these circuit elements. 

BACKGROUND OF THE INVENTION 

Among integrated circuit manufacturers there has devel 
oped a practice of forming a partially generic type of 
integrated circuit device. or chip. that can be subsequently 
made into a variety of di?ierent types of custom chips for 
various applications. These partially formed generic devices 
are sometimes referred to as a gate array type chip or a sea 
of gates. Typically. a gate array type chip is made up of 
numerous identical MOS or CMOS circuit elements. A 
speci?c custom chip. such as an Application Speci?c Inte 
grated Circuit (i.e. ASIC). is then developed by electrically 
connecting the individual MOS or CMOS elements in some 
appropriate manner through conductive metal layers that are 
subsequently formed on the gate array chip. The speci?c 
patterns of the conductive layers thus determines the custom 
design aspects of the various integrated circuits. such as 
ASIC’s. that are formed from the gate arrays. The individual 
MOS or CMOS elements of a gate array chip are generally 
uniformly spaced on portions of a surface of the chip. 
Typically. however. several MOS or CMOS elements in 
localized regions are functionally grouped together in what 
are termed cells. and electrically interconnected to form 
fundamental logic circuit elements. such as AND gates. OR 
gates and the like. More sophisticated circuit elements are 
then designed by interconnecting individual cells. 

There is a natural desire among integrated circuit manu 
facturers to maximize the number of functions that can be 
performed by a single gate array type chip. Thus. the number 
of individual MOS or CMOS elements on a single gate array 
chip is normally fairly high. on the order of 600.000 to 
1.000.000 individual elements. ‘Typically. however. only half 
of all of these gates can be used in the subsequently made 
custom chip. 

FIG. 1 shows a small set of identical MOS devices found 
on a conventional gate array type chip. Conventional pro 
duction of prior art gate array type circuit structures typi 
cally involves the formation in a silicon wafer 2 of P-wells 
and N-wells to de?ne areas or islands Ilia-10d where one or 
more MOS or CMOS devices will be formed. Areas 
Illa-10d in FIG. 1 are thus P-islands and/or N-islands. A 
?eld oxide (not shown) is then grown on unmasked portions 
of the silicon wafer 2 to isolate each of the MOS islands 
10a-10d from other devices on the wafer 2. After removal 
of the ?eld oxide mask. a thin gate oxide layer is grown over 
portions of the islands l0a-l0d. and a polysilicon layer is 
deposited over the gate oxide layer and other portions of the 
wafer 2. This polysilicon layer is subsequently patterned to 
form individual polysilicon strips 20 which form the gates in 
each of the MOS islands Uta-10d. along with contact pads 
or “dogbone” areas 28 that extend over the ?eld oxide (not 
shown) surrounding the MOS islands l0a-10d. Source and 
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2 
drain regions 30 and 32 are then formed in the MOS islands 
l0a—l0d by appropriate doping. A self-aligned silicide layer 
(not shown). sometimes termed a salicide. may also be 
formed over the polysilicon strips 20 as well as over the 
source and drain regions 30 and 32. Another layer of 
insulation. such as an oxide layer. is then formed over the 
entire structure and appropriate planerization may be per 
formed. 

At this stage in the fabrication of conventional gate array 
type chips. such as partially shown in FIG. 1. a generic 
structure has been formed with numerous essentially iden 
tical MOS devices such as the devices in MOS islands 10a 
and 10b disposed beneath the polysilicon strips 20. The 
particular devices are at this point electrically independent 
from other MOS devices formed beneath other polysilicon 
strips in other MOS islands or wells. Alternatively. MOS 
devices in adjacent islands. such as islands 10c and 10d. may 
be connected together by continuous polysilicon strips 20'0 
and 20'b. The island pairs 10c and 10d are still electrically 
isolated from other pairs in other islands. however. including 
the islands 10a and 10b shown in FIG. 1. Depending upon 
the desired electrical circuitry to the implemented in the 
partially fabricated gate array type chip. the various electri 
cally isolated devices 10a. 10b and the like are then con 
nected or ‘\vired" together by formation of a metal layer 
over the previously deposited insulation layer (not shown) 
and patterning of this metal layer into a wiring harness made 
up of strips 40. Where more than one metal layer is to be 
used. a further insulation layer is deposited over the ?rst 
metal layer (forming strips 40) before the additional metal 
layers are deposited and patterned. Thus separate insulation 
layers. typically oxide layers. separate each of the various 
metal layers. 

Formation of electrical interconnections between the 
MOS gate electrodes. such as electrodes 20 of devices 100 
and 10b also involves the formation of contacts 50 through 
the insulation layer (not shown) in order to provide a path 
from the metal strips 40 to the polysilicon pads 28. These 
contacts 50 are formed by making a hole in the insulating 
layer and ?ling this hole with a conductive material that 
provides an electrical path between the polysilicon contact 
pad 28 and the patterned metal layer 40. Similarly contacts 
55 are also provided at various points to further provide 
contacts between the various source/drain regions 30 & 32 
of each island 10a-10d and other metal strips residing in the 
same metal layer as the metal strips 40. Additionally. to 
appropriately bias the gate array substrate. various electrical 
connections must be normally made to miniature N and P 
wells or substrate taps 62 located on the substrate of the chip 
2. These connections are typically provided by further metal 
strips (not shown) residing in the same patterned metal layer 
as the metal strips 40. Contacts 65 are made with the N and 
P substrate taps 62 by forming additional apertures through 
the intervening insulating layer between the patterned metal 
layer and the substrate. and again ?lling these apertures with 
a conductive material. 
Due to the complexity of wiring necessary to develop 

various desired electronic circuit elements on a gate array 
type chip. it is often necessary to provide two and often even 
three pattm'ned metal layers on a single array type chip in 
order to achieve all of the desired electrical interconnections 
and cross-over wirings between various active devices. such 
as those illustrated in FIG. 1. Since each contact opening or 
via formed between the polysilicon contact pads 28 and the 
overlying metal layer can result in electrical failure due to 
any one of misalignment. underetching. overetching. or 
improper ?lling of the via openings with conductive 
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material. an increase in the number of via openings and 
patterned metal wiring layers of a gate array chip can have 
a negative impact on the overall yield of chips or dies 
developed from a semiconductor wafer. Additionally. the 
limited availability of space for necessary electrical 
interconnections. even among several metal layers. has been 
found to limit the total number of individual MOS or CMOS 
devices that can actually be employed on a single semicon 
ductor chip. Accordingly. in some applications less than half 
of the individual MOS devices placed on a single gate array 
type chip may be actually used in the ?nal custom designed 
chip due to the demands of cross-over wiring and cell 
interconnection. 

It would be desirable if at least some of the electrical 
interconnections between various active devices on a 
substrate. such as the MOS devices in islands Illa-10d. 
bipolar and other types of active devices. could be carried 
out in a manner which would reduce the number of contacts 
needed between the gates or other conductive material 
portions of the individual devices and the various metal 
layers. It would similarly be desirable to eliminate the need 
for at least one of the numerous metal wiring layers typically 
needed to form a complete wiring harness for the gate array 
chips. while still pemritting the initial formation of a par 
tially generic gate array type structure that is capable of 
being subsequently electrically connected together to form a 
variety of different electrical circuits. 

Integrated circuit manufacturers also continue to expend 
considerable resources attempting to implement complex 
logic circuitry on smaller areas of the semiconductor sub 
strate of the gate array chips and to increase the density and 
functionality of the MOS devices populating the substrate. 
While it would be desirable to reduce the size of each of the 
individual MOS devices. it has also been determined that 
process limitations and detrimental parasitic e?ects in the 
MOS devices themselves limit the degree to which. for 
example. the length of the gate elements of the individual 
MOS devices can be reduced. 

Accordingly. the number of MOS type devices that can be 
e?‘ectively used in gate array type chips depends on a 
number of limiting factors. including the size of the indi 
vidual MOS devices. the number of interconnections 
between the MOS devices forming a local functional cell. 
and the number of interconnections between various cells 
making up the gate array chip. Nonetheless. there still exists 
in the circuit manufacturing community a keenly felt need to 
continue increasing the number of individual MOS devices 
that may be formed on a gate array chip and e?’ectively 
utilized when the partially generic gate array chip is pro 
cessed to form a custom design. The present invention 
ful?lls this need. 

SUMMARY OF THE INVENTION 

Broadly. and in general terms. one aspect of the present 
invention provides an effective reduction in the area of 
individual MOS devices forming a gate array type chip by 
employing a non-rectangular con?guration for these indi 
vidual MOS devices. Another aspect of the present invention 
provides for the use of fewer connections in or through a 
separate metal layer to provide electrical interconnection 
between individual MOS devices in a single functional cell. 
In some custom circuit designs this aspect of the invention 
may provide for me complete elimination of one the of 
several metal layers that would otherwise be required for 
interconnection of MOS devices in the same functional cell. 
When combined with the non-rectangular geometry of the 
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individual MOS devices within a cell. the reduced number 
of interconnections within the cell through a separate metal 
layer provides a substantially enhanced number of paths for 
connections between various other cells in the gate array 
chip. This increase in the number of routing paths in turn 
enhances the total number of individual MOS devices that 
can be successfully used when a custom chip is made from 
a gate array chip employing MOS devices con?gured in 
accordance with the present invention. 

In accordance with one aspect of the present invention. 
the individual MOS devices in a gate array chip respectively 
include a non-rectangularly con?gured source and drain. or 
other ?rst and second regions of a conductivity type differing 
from the gate array substrate. along with a channel between 
the two regions and a non-rectangular gate structure dis 
posed above the channel. Depending on the particular manu 
facturing process employed to construct the novel non 
rectangular (“bent gate") MOS devices of the present 
invention. a twenty to forty percent or higher reduction in 
the size of the functional cells that are made up of these 
MOS devices can be realized over functional cells that are 
made up of conventional linearly shaped MOS devices. such 
as illustrated in FIG. 1. 

Another aspect of the present invention involves a speci?c 
con?guration for each of the non-rectangular regions form 
ing the MOS devices of the gate array chip. In one 
embodiment. each of the non-rectangular regions includes a 
middle portion having a longitudinally orientable axis and 
opposing end portions each forming additional longitudi 
nally orientable axes forming an acute angle with the 
longitudinal axis of the middle portion. In one preferred 
embodiment this acute angle is approximately 45 degrees. 

Still another aspect of the novel MOS device con?gura 
tion of the present invention concerns the width dimension 
of the middle portion of each drain and source region of the 
individual MOS devices. relative to the width dimensions of 
the respective opposing end portions of the same drain and 
source regions. In one embodiment the middle portion is 
narrower than the end portions. so as to further reduce the 
elfective area of the individual sources and drains. This 
narrower middle portion advantageously results in reduced 
parasitic capacitance in the individual MOS devices. which 
in turn provides increased switching speed and signal pro 
cessing speed for both the individual MOS devices and the 
functional cells of the gate array chip. 

Another aspect of the present invention concerns the 
formation of one or more busses that are made from con 
ductive material interconnecting conductive electrodes. such 
as for example. gate electrodes in the individual MOS 
devices of a gate array type chip. These bu sses are preferably 
formed on the gate array structure over ?eld oxide portions 
of the structure during the initial step of patterning the 
conductive polysilicon material of the gate array to expose 
P islands and/or N islands and to form conductive gates 
thereover. After further processing to form other electrode 
regions such as for example the source and drain regions in 
MOS islands. but prior to formation of an insulation layer 
over the structure for formation of a ?rst metal layer thereon. 
the busses of conductive material are subjected to a further 
patterning step so as to form desired custom interconnec 
tions between various gates in the MOS devices that were 
previously all connected to the busses. 

By forming these busses of conductive material during the 
initial step of patterning the conductive material to form a 
generic structure. and then providing a second patterning 
step. wherein custom interconnections are formed in the 



5.796. 1 3O 
5 

layer of conductive material. that is wherein the busses are 
formed. some of the custom interconnections that were 
formerly provided by the ?rst level of metal wiring layer can 
be eliminated. 

The novel features of the present invention will be better 
understood from the following detailed description. consid 
ered in connection with the accompanying drawings. 
wherein like numbers designate like elements. It should be 
expressly understood. however. that the drawings are for 
purposes of illustration and description only and are not 
intended as a de?nition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows is a fragmentary top view of several prior 
art MOS devices on a portion of a conventional gate array 
type chip: 

FIG. 2 is a fragmentary top view of several non 
rectangular MOS devices on a portion of a gate array type 
chip in accordance with one aspect of the present invention; 

FIG. 3 is a fragmentary top view of another aspect of the 
present invention illustrating busses of conductive material 
formed over an oxide ?eld between individual MOS 
devices; 

FIG. 4 is a fragmentary side section view of the structure 
of FIG. 3. taken along the lines IV-IV to show the 
continuous bus of conductive material formed between the 
conductive strips over adjacent MOS islands; 

FIG. 5 is a fragmentary top view illustrating a typical 
patterning con?guration after a bus on conductive material 
of the present invention has been patterned to implement a 
particular electrical circuit; 

FIG. 6 is a fragmentary side section view of a portion of 
the structure of FIG. 5 taken along lines VI-VI; 

FIG. 7 is a fragmentary top view of a prior art cell of MOS 
devices in a portion of a conventional gate array type chip; 
and 

FIG. 8 is a fragmentary top view of a gate array cell made 
of non-rectangular MOS devices in a portion of a gate array 
type chip made in accordance with the present invention; 

FIG. 9 is a fragmentary top view of a single MOS 
structure having a non-rectangular con?guration in accor 
dance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODHVIENT 

Referring to the ?gures. and more particularly FIG. 2. 
there is shown on a gate array substrate 12 several MOS 
devices 14a-14d having non-rectangular con?gurations in 
accordance with one aspect of the present invention. In one 
embodiment. each of the MOS devices l4a-14d includes 
source and drain regions 30 and 32 separated by channels 
over which gates 20 are formed. The source and drain 
regions 30 and 32. as well as the gate regions 20. may be 
thought of as forming middle portions 30a. 32a and 200 as 
well as opposing end portions 30b. 30c. 32b. 32c and 20b. 
20c. For clarity of illustration. these various portions of the 
source and gate regions 30 and 32 and the gates 20 are 
labelled in FIG. 2 only with respect to the MOS device 140. 
As shown in FIG. 2. the end portions 30b. 30c and 32b. 32c 
of the respective source and drain and the end portions 20b. 
200 of the gate regions 20 are respectively displaced from 
the middle portions 300 and 32a of the source and drain and 
the middle portion 200 of the gate 20. Considering. for 
example. the middle portions 20a of the gates 20 in each of 
the MOS devices l4a-l4d. these gate middle portions 200 
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6 
may be thought of as having longitudinal axes oriented 
along the length of the middle portions 200. As can be seen 
in FIG. 2. however. the end portions 20b and 200 of the gates 
20 are “bent" or oriented at a non-parallel angle to this 
longitudinal axis. The source and drain regions 30 and 32 
can be seen to similarly conform to the bent or non 
rectangular con?guration of the gates 20. The novel non 
rectangular con?guration of the MOS devices 14a-14d can 
be further understood by considering each of the end por 
tions 20b and 200 of the gates 20 as having their own 
respective longitudinal axes oriented along their respective 
lengths. These respective longitudinal axes of the gate end 
portions 20b and 200 can be seen to form an acute angle with 
respect to the longitudinal axis of the gate middle portion at 
200. In one preferred embodiment. this acute angle is 
selected as 45 degrees. It should be understood. however. 
that alternative acute angles could be selected without 
departing from the spirit of the present invention. 

It can be seen that the non-rectangular con?guration of the 
MOS devices 14a—14d provides the devices with a reduced 
area as compared to conventional rectangularly con?gured 
gate array MOS devices such as devices Ilia-10d illustrated 
in FIG. 1 even if the length of the gate regions 20 is the same 
in both the conventional MOS devices 10a-10d illustrated in 
FIG. 1 and the novel bent gate type MOS devices illustrated 
in FIG. 2. Thus. the bent gate type MOS devices of the 
present invention can be provided with reduced surface 
areas even if process limitations or parasitic e?ects preclude 
the use of smaller gate lengths than the gate lengths 
employed in connection with conventional rectangularly 
con?gured MOS devices. 
One important advantage of the novel bent gate type MOS 

devices l4a-14d concerns the switching speed of the 
devices. This switching speed is increased in one embodi‘ 
ment of the present invention by varying the dimensions of 
middle portions of the source and drain regions in the novel 
bent gate MOS devices 14a-l4d. Referring to FIG. 9 there 
is shown an expanded view of a single MOS device 14a of 
the present invention having a pair of regions 30a,b,c which 
may either be source or drain regions and another region 
32a,b,c of differing conductivity type disposed between the 
two regions 30a,b,c. The region 32a,b,c may also be a source 
or drain region. but complimentary to the regions 30a,b,c. 
Thus if regions 30a,b,c are source regions. then the com 
plimentary regions 32a,b,c would be a drain region. The 
MOS device 14a further includes a pair of gates 20a,b,c 
disposed at the interface between either of the source/drain 
regions 32a,b,c and the complimentary region 32a,b,c. As 
illustrated in FIG. 9. each of the source/drain regions may be 
viewed as divided into middle regions such as middle 
regions 30a and 320 along with opposing end regions 3%. 
32b and 30c. 32c. As mentioned above in this embodiment 
of the present invention. the middle portions 30a and 32a of 
the source/drain regions are narrower than the respective 
opposing end portions 30b. 30c and 32b. 320. This variation 
in the dimensions of the source/drain regions 30 and 32 is 
understood to reduce parasitic capacitance between the two 
regions and the substrate 2. As a result. the switching speeds 
of the bent gate MOS devices l4a-14d are dramatically 
increased. This increase in switching speed translates into 
functional cells that perform predetermined logic functions 
at a dramatically increased rate. Accordingly. gate array 
structures or other logic devices constructed from MOS 
devices employing the novel bent gate con?grration of the 
present invention can signi?cantly outperform similar sn'uc 
tures made up of conventional rectangularly con?gured 
MOS devices. 
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Another advantage of the non-rectangular con?guration 
of the gate array MOS devices 14a-l4d illustrated in FIG. 
2 concerns the placement of the substrate taps 62. The 
substrate taps 62 are preferably disposed in line with elec 
trical contact regions 63 of either one of the source/drain 
regions 30 and 32 in the MOS devices 14a-14d. This 
placement of the substrate taps 62 provides for connection of 
the taps 62 with straight in-line power bu sses (not shown) 
that are the same bu sses used to supply power to either of the 
source/drain regions 30 and 32 of the MOS devices 
l4a-l4a'. 
Another aspect of the present invention concerns the 

formation of conductive material. or busses. in a gate array 
in order to consecutively interconnect a plurality of conduc 
tive electrodes employed as gates among various MOS 
devices in a gate array type chip. The busses are preferably 
formed on the structure over ?eld oxide portions thereon 
during the initial step of patterning the conductive gates 
thereover. After further processing to form other electrode 
regions such as. for example. the source and drain regions in 
MOS islands. but prior to formation of an insulation layer 
over the structure for formation of a metal layer thereon. the 
busses of conductive material are subjected to a further 
patterning step to form custom interconnections between 
various MOS device gates in the integrated circuit structure 
that were previously all connected to the busses. 
By use of the term “conductive material" is meant an 

electrically conductive material such as a conductive 
polysilicon. a gerrnanium- silicon material. or a silicide such 
as a refractory metal silicide. e.g.. titanium silicide. By way 
of illustration. and not of limitation. the conductive material 
used to form the structure of the invention will hereinafter be 
referred to as polysilicon. it being understood that other 
conductive material may be used in place of or in addition 
to the polysilicon when desired or needed. 

It should be noted that while the invention will hereinafter 
be described with respect to the interconnection of gate 
electrodes of MOS devices. by way of illustration and not of 
limitation. the invention is equally applicable to other forms 
of gate array type chips such as arrays of bipolar devices. 
that is with emitters interconnected; or combinations of 
MOS/bipolar devices; or any other types of partially generic 
active devices that can be subsequently processed to form 
‘*custom" type chips. 

Referring now to FIGS. 3 and 4. a gate array type chip 
incorporating this aspect of the invention is illustrated 
comprising bus structures 60 of conductive material formed 
over ?eld oxide 14 on a semiconductor wafer 2 and inter 
connecting gate electrode strips 20 over MOS islands or 
active areas 10 in which source regions 30 and drain regions 
32 are formed. As shown in FIGS. 3 and 4. polysilicon bus 
structure 60 is initially connected to all of the polysilicon 
gate electrode strips 20 formed over all of the MOS islands 
10. The polysilicon bus structure 60 and the polysilicon 
strips 20 are formed by patterning a single layer of poly 
silicon. This polysilicon layer is formed on wafer 2 after 
wafer 2 has been masked to permit growth of ?eld oxide 14 
which surrounds each MOS island 10. followed by removal 
of the mask and formation of a gate oxide layer over the 
portions of wafer 2 exposed by removal of the ?eld oxide 
mask. It should be noted that polysilicon bus 60 is simply 
being illustrated and described as being formed over a ?eld 
oxide 14 which is grown on unmasked portions of a masked 
silicon wafer. However. the polysilicon bus structure of the 
invention could also be constructed over other isolation 
structures such as. for example. grooves or trenches formed 
in wafer 2 and then ?lled with insulation material to elec 
trically isolate each MOS island from adjacent MOS islands. 
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As is known to those skilled in the art. devices of the same 

type within each island may be isolated from one another by 
gates that are inactive or turned 01f. commonly referred to as 
“gate isolation.” which are also initially connected to the 
busses. After the polysilicon layer has been patterned to 
form polysilicon bus 60 and polysilicon gate electrode strips 
20. the exposed portions of the MOS islands are then doped 
to form source and drain regions 30 and 32. 
The MOS islands may reside in N-wells or P-wells and. 

therefore. may be appropriately doped to form source and 
drain regions for either PMOS or NMOS transistors. it being 
understood that the polysilicon bus structure of the invention 
is equally applicable to either type of integrated circuit 
structure. or combinations of adjacent PMOS and NMOS 
devices to form CMOS structures interconnected together by 
the polysilicon bus or busses of the invention. After forma 
tion of source/drain regions 30 and 32 in MOS islands 10. 
a silicide layer (not shown) may be formed over the initially 
patterned polysilicon by depositing a layer of metal such as. 
for example. titanium capable of reacting with silicon to 
form the corresponding metal silicide. e.g.. titanium silicide. 
sometimes referred to as “salicide” or self-aligned silicide. 
Alternatively the silicide layer may be formed after the 
subsequent patterning of polysilicon busses 60 to form the 
custom interconnections or wiring. that is. the generic gate 
array structure may be stored or inventoried for future use 
prior to formation of the metal silicide layer thereon. 
When the silicide layer is formed prior to storage. the 

unreacted metal. i.e.. metal not over silicon. may be selec 
tively removed after the silicide step. Alternatively. wafer 2. 
containing the generic MOS devices formed thereon. may be 
stored in this condition. with the unreacted metal subse 
quently removed when the remainder of the wafer 
processing. i.e.. the customizing of the wafer is to be 
performed. In some instances. it may be desired to deposit 
a CVD nitride or oxide layer over the structure. either before 
or after forming the silicide layer. as a protective layer which 
would then be etched 05 prior to the subsequent custom 
patterning of the gate array. 

Turning now to FIGS. 5 and 6. the use and advantages of 
the polysilicon bus during subsequent customized process 
ing of the integrated circuit structure will now be described 
It will be understood. however. that the patterned structure 
illustrated in FIGS. 5 and 6 is only for purposes of illus 
trating the various patterns which can be formed to show the 
?exibility permitted by the invention. As best seen in FIG. 
5. polysilicon bus 60 has now been masked and etched. i.e.. 
patterned. to form a number of interconnect structures to at 
least partially implement. at the polysilicon level. the desired 
connection of the individual MOS devices together to form 
the desired electrical circuit or structure. e.g.. such as a 
NAND gate or a NOR gate. etc. 

In FIG. 5. polysilicon gate electrode strip 20a. in MOS 
island 10a. is shown as connected by polysilicon strip 80 to 
polysilicon gate electrode strip 200 in MOS island 10b, i.e.. 
those MOS u'ansistors respectively formed in MOS islands 
10a and 10b using polysilicon gate electrode strips 20a and 
200 are now electrically connected together. A polysilicon 
contact pad 82 is shown formed between MOS islands 10a 
and 10b and connected to polysilicon strip 80. while a 
second contact pad 84 is shown on the right electrically 
connected to polysilicon strip 20c. Polysilicon contact pads 
82 and 84 permit vertical interconnections to be made to a 
metal layer to. for example. permit the just described MOS 
transistors formed in MOS islands 10a and 10b to be 
connected to other areas of the integrated circuit structure 
through such an overlying metal layer. Polysilicon strip 86. 
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also connected to polysilicon gate electrode strip 20a. serves 
to interconnect the just described MOS transistors in MOS 
islands 10a and 10b with other devices to the left of the 
portion of the integrated circuit structure illustrated in FIG. 
5. Still referring to MOS island 10a and 101:, it will be noted 
that polysilicon gate electrode strip 20b is not connected to 
polysilicon gate electrode strip 20d. Rather polysilicon gate 
electrode strip 20b is provided with a simple termination 90 
on one end and a contact pad 92 at the opposite end. 
Polysilicon gate electrode strip 20a‘ is also provided with a 
simple termination 94 at one end and a continuation portion 
96. at its opposite end. to connect the MOS transistor(s). 
formed using polysilicon strip 20d at their gate electrode. to 
other devices on the integrated circuit structure. It will be 
noted that the patterned portions of polysilicon bus 60 (in 
FIG. 3) which are respectively connected to polysilicon gate 
electrode strips 20b and 20d (FIG. 5) are also shown in the 
side section view of FIG. 6. with portions of polysilicon strip 
90 also visible. 

Continuing to MOS islands 10c and 10d. it will be noted 
that polysilicon gate electrode strips 20c, 20]’. 20g, and 20h 
have all been connected together by polysilicon portion 100 
which includes a contact pad 102 to permit vertical connec 
tion to a metal layer as well for further electrical connection 
to other portions of the integrated circuit structure. Strips 
20c, 20]; and 20g are shown. respectively. as continuing at 
104. 106. and 108. while strips 20g and 20h are respectively 
shown connected to contact pads 107 and 109. 

In MOS island 10e, polysilicon gate electrode strip 20:‘ is 
shown formed with a contact pad 110 at one end and another 
contact pad 112 at its opposite end. representing the tradi 
tional prior art “dogbone” construction for all of the poly 
silicon electrode strips. Polysilicon gate electrode strip 20k 
over MOS island 10f is shown formed with contact pad 114 
at one end and a fragmentary portion 116 of a connection on 
its opposite end to another device or structure which is not 
directly aligned with it. as will be discussed below with 
respect to the interconnection between strips 20m and 20q. 
Polysilicon gate electrode strips 20] and 201. formed respec 
tively over MOS islands 10c and 10): are shown as con 
nected together by polysilicon strip 117. with strip 20]’ 
terminating. at its opposite end. at 118. and strip 201 
terminating. at its opposite end. in a contact pad 119. 
Polysilicon gate electrode strip 20m, formed over MOS 
island 10g, is connected to polysilicon gate electrode strip 
20q over MOS island 10f by a dog-leg shaped polysilicon 
strip 120. Strip 120 is also shown connected to strip 117 by 
a cross strip 130. Polysilicon gate electrode strip 20m, at its 
opposite end. is connected to contact pad 122 and extension 
123. while polysilicon gate electrode strip 20g, at its oppo 
site end. is terminated at 121. Polysilicon gate electrode strip 
20n over MOS island 10g is provided with an extension 125 
at one end and a contact pad 124 at its opposite end 
Polysilicon gate electrode strip 20p is provided with a 
termination 126 at one end and a contact pad 127 at its 
opposite end MOS island 10f is further shown with a gate 
isolation formed using strip 202 which separates gate strip 
201 from gate strip 20p. 

Thus. in comparing the various con?gurations shown in 
FIG. 5 (and FIG. 6). and comparing these with the repeating 
“dogbone" con?guration of the prior art shown in FIG. 1. it 
can be seen that the initial provision of polysilicon bus 
members 60. in accordance with the invention and as 
depicted in FIGS. 3 and 4. permits the formation of a 
generic gate array integrated circuit structure with the same 
degree of ?exibility as in the prior art “dogbone” generic 
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10 
gate array structure. However. unlike the prior art ‘*dogbone" 
structure of FIGS. 1 and 2. the generic gate array structure 
of the invention. provided with one or more polysilicon bus 
structures 60. permits a large amount of the subsequent 
custom wiring of the gate array (to provide speci?c 
circuitry) to be carried out at the polysilicon level. i.e.. 
without using overlying metal layers. 

Such subsequent use of the same polysilicon layer used to 
form the gate electrodes to also provide some of the inter 
connects has a number of advantages. including ?rst of all. 
a reduction in the number of contact openings between the 
polysilicon contact pads and overlying metal layers. Such a 
reduction of contact openings should increase the yield since 
failures may occur due to misregistry of the contact 
openings. under etching. over etching. and improper ?lling 
of the contact opening with conductive material. 
Furthermore. providing some of the interconnects at the 
polysilicon level reduces the amount of metal wiring needed 
which can. in turn. reduce the complexity of the metal 
wiring. as well as. in some cases. even reduce the number of 
metal Wiring levels needed. 
The depictions provided in FIGS. 7 and 8 dramatically 

illustrate the significant space and metal layer routing advan 
tages provided by combining both aspects of the present 
invention in a single gate array type chip. FIG. 7 illustrates 
a hypothetical functional cell 150 of a prior art gate array 
chip while FIG. 8 illustrates the same functional cell 150’ 
con?gured in accordance with the present invention. A 
comparison of FIGS. 7 and 8 illustrates the reduced surface 
area of the novel cell 150' resulting from implementation of 
both the bent gate con?guration of the MOS devices residing 
within the cell 150' along with the use of polysilicon busses 
to interconnect selective MOS devices within cell 150' so as 
to achieve the intended logic function of the particular cell 
illustrated. 

Returning to the conventional gate array 150 illustrated in 
FIG. 7. the cell 150 includes eight essentially identical prior 
artMOS devices 160. 170. 180. 190. 200. 210. 220. 230 each 
having a conventional rectangular design. Each of these 
MOS devices further includes source and drain regions 240 
and 250 which respectively include contact surfaces 242 and 
252 for communication with an overlaying metal layer (not 
shown). Preferably each of the individual MOS devices 
further includes a pair of gates. For example MOS device 
150 includes a pair of gates 162 and 163 separating the 
source and drain regions 240 and 250. The gates 162 and 163 
each terminate in opposing contact pads 1620, 162b and 
1630, 163b, respectively. 
To accomplish the intended logic functions of the cell 

150. the gates of several of the MOS devices within the cell 
150 are connected together. As discussed above in the 
Background of the Invention. however. the interconnection 
of gates for the MOS devices of the conventional cell 150 
are provided by metal straps formed in a pattern metal layer 
overlaying the cell 150. Thus. for example. gate 163 of MOS 
device 160 is connected to gate 203 of the adjacent MOS 
device 200 by metal strap 260. Similarly gate 173 of MOS 
device 170 is connected to gate 182 of MOS device 180 by 
strap 262. Likewise. gate 183 of MOS device 180 is con 
nected to gate 193 of MOS device 190 by strap 264. Gate 
183 of MOS device 180 is also connected to gate 232 of 
MOS device 230 by metal strap 266. Similarly gate 172 of 
MOS device 170 is connected to gate 213 of MOS device 
210 by metal strap 268. The gate 212 of MOS device 210 is 
also connected to the gate 222 of MOS device 220 by metal 
strap 270. As is sometime the case in functional cells of a 
gate array chip. several of the gates Within cell 150 are 
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connected to other metal straps communicating with other 
elements outside of cell 150. For example. gate 202 of MOS 
device 200 is connected by strap 272 to another element 
outside of cell 150. Similarly gate 212 of MOS device 210 
and gate 222 of MOS device 220 are connected by metal 
strap 274 to elements exterior to cell 150. Gate 233 of MOS 
device 230 is similarly connected to elements outside the 
cell 150 by metal strap 276. In all. eight metal straps are used 
along with fourteen vias or electrical connections through an 
insulating layer disposed between the substrate of the cell 
150 and the metal straps are used to interconnect the desired 
MOS devices and their respective gates. 

Turning to the novel cell structure 150' illustrated in FIG. 
8 and made in accordance with the present invention. each 
of the MOS devices illustrated in the conventional cell 150 
illustrated in FIG. 7 is present in the novel cell 150' of FIG. 
8. although con?gured in accordance with one aspect of the 
present invention so as to have a non-rectangular shape. 
Primed numbers are employed in FIG. 8 to designate cor 
responding elements illustrated in FIG. 7. Thus. for 
example. MOS device 200' in cell 150‘ includes source and 
drain regions 240‘ and 250'. respectively. along with gates 
202‘ and 203'. The source and drain regions 240' and 250' of 
MOS device 200' are also provided with contact regions 242' 
and 252'. 

In accordance with another aspect of the present 
invention. all of the metal straps and fourteen vias with the 
?rst metal layer that are used in a conventional cell such as 
cell 150 are eliminated in the novel cell 150'. The various 
gates of the MOS devices. such as. devices 180' and 230‘ are 
instead connected using polysilicon strips. as discussed 
more fully above. Thus. for example. gate 183' of MOS 
device 180' is connected to gate 193' of MOS device 190' by 
a polysilicon strip 264' without the need of any metal strap 
in an overlaying metal layu and without the need of vias 
electrically communicating with this metal strap. Similarly. 
gate 183' of MOS device 180' is also connected to gate 232' 
of MOS device 230‘ by polysilicon strip 266' without the 
need to resort to a separate metal layer strap. or vias. 
therewith. Use of polysilicon pads within the cell 150' in 
accordance with the present invention can thus be seen to 
substantially enhance the availability of routing paths over 
the cell 150' for other purposes associated with a custom 
chip that is to be made from a gate array type chip com 
prising cells similar to cell 150'. This substantially enhanced 
availability of routing paths in turn greatly increases the 
number of MOS devices on a gate array type chip that can 
be actively used in forming a custom chip. 

It will. of course. be understood that various modi?cations 
and additions can be made to the preferred embodiments of 
the present invention discussed above without departing 
from the scope or spirit of the present invention. 
Accordingly. the scope of the present invention should not 
be limited by the particular embodiments discussed above. 
but should be de?ned only by the claims set forth below and 
equivalents thereof. 
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What is claimed is: 
1. An integrated circuit structure. comprising: 
a substrate of semiconductor material: 
a plurality of MOS devices formed on said substrate; 
each individual one of said plurality of MOS devices 

including a source region. a drain region and a gate 
region. said source region and said drain region being 
separated by a channel over which said gate regions is 
formed; 

each individual source region including a source middle 
portion disposed between a pair of horizontally and 
vertically displaced source end portions; 

each individual drain region including a drain middle 
portion disposed between a pair of horizontally and 
vertically displaced drain end portions: 

each individual gate region including a gate middle por 
tion disposed between a pair of horizontally and ver 
tically displaced gate end portions; 

each individual gate middle portion having a longitudinal 
axis oriented along the length of die gate middle 
portion; 

each individual gate end portion having another longitu 
dinal axis oriented along the length of the gate end 
portion; and 

said another longitudinal axis being oriented at an acute 
angle to said longitudinal axis to provide a bent gate 
con?guration for each individual MOS device. 

2. An integrated circuit structure according to claim 1. 
wherein said substrate is of a di?ering type of conductivity 
material from said source and drain regions. 

3. An integrated circuit structure according to claim 1. 
wherein each individual one of said source regions de?ne 
conductivity regions; and 

wherein each individual one of said drain regions de?ne 
other conductivity regions. 

4. An integrated circuit structure according to claim 3. 
wherein the individual ones of the of conductivity regions. 
and the individual ones of the other conductivity regions are 
substantially similar in con?guration. 

5. An integrated circuit structure according to claim 3. 
further comprising a plurality of electrical contact regions in 
the individual source regions and the individual drain 
regions. 

6. An integrated circuit structure according to claim 5. 
further comprising a plurality of substrate taps for providing 
said substrate with access to a source of electrical power. 

7. An integrated circuit structure according to claim 6. 
wherein individual ones of said plurality of substrate taps 
and individual ones of said plurality of electrical contract 
regions are arranged in a corresponding in-line con?guration 
to facilitate in-line power connections. 

8. An integrated circuit structure according to claim 1. 
wherein the individual ones of the gate middle portions have 
a narrower cross-sectional area than the gate end portions. 

9. An integrated circuit structure according to claim 1. 
wherein the structure de?nes an MOS bent gate array. 

10. An integrated circuit according to claim 1. wherein the 
formed acute angles are each about 45 degrees. 

* * * * * 


